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REMARKS 

In response to the Office Action mailed September 10» 2003, Applicants 
respectfully request reconsideration of the above-identified application In view of the 
amendments and remarks presented herein. 

Applicants acknowledge the Office Action's remarks in Paragraph 2." As per 
conversation with the Examiner, all cited references have been considered. 

Claims 1, 3 and 13 have been amended. The claims have been amended to 
correct grammatical and typographical errors. Support for the amended claims can be 
found throughout the disclosure. Claim 2 has been canceled. 

Claims 1 . 3 and 5-1 5 are pending after entry of this amendment 

Claims 1-3 and 5-1 5 were rejected under 35 USC 112, second paragraph for the 
reasons set forth in the Office Action. In view of the amendments, and remarks set forth 
herein, the rejections are traversed. 

Specifically, Claim 1 was rejected because, according to the Office Action, the 
preamble of the claim does not con^elate vrith the body of the claim. Applicants have 
amended the claim so that the preamble of the claim and the body of the claim recite a 
method for determining the absolute quantity of a biopolymer. Reconsideration and 
withdrawal of the rejection are respectfully requested. 

Claim 1 was rejected because, according to the Office Action, the phrase "...such 
as..." renders the claim indefinite. Applicants have deleted the clause. Reconsideration 
and withdrawal of the rejection are respectfully requested. 

Claim 1 was rejected because, according to the Office Action, the 
phrase "...crude solution...'' renders the claim vague and indefinite. Applicants traverse 
the rejection based upon the arguments presented herein. 

The term "...crude..." is well-known to one skilled in the art (see, for example A. 
Datta (1992) J. Biol. Chem. 267:728-736; CD. Muller and F. Schuber (1986) Anal. 
Biochem. 152:167-171 and HA Barker, E,R. Stadtma, A. Komberg (1955) Methods 
Enzymol. Vol.1, pp. 599-602 copies of which are enclosed with this Response). 
Accordingly, reconsideration and withdrawal of the rejection are respectfully requested. 

Claim 1 was rejected under 35 USC 112. second paragraph, because, according 
to the Office Action, parts (c) and (e) of the claim have insufficient antecedent basis. 
Applicants have amended the claim to overcome the deficiencies. Accordingly, 
reconsideration and withdrawal of the rejections are herein requested. 

GC626-2 rsp. 
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Claims 1-3, 5-7 and 1 1-15 were rejected under 35 USC 102(e) as being 
anticipated by Aeb rsold et at (US 2002/0076739). These rejections are traversed 
based upon the amendments to the claims and remarks presented herein. 

A prima facie case of arrSdpation requires that each and every limitation is 
disclosed in a single reference (see MPEP 2131 et seq). Claim 1 discloses a method for 
determining an "...absolute..." quantity of a biopolymer. According to the current 
invention, an absolute quantity is determined by using, as a reference, a well- 
characterized and quantitatively defined compound (see, for example, disciosure). 
Aebersold, does not disclose an absolute quantity but, at paragraph 0032, compares 
one state arbitrarily set as a reference and determines quantity based upon the arbrtrary 
comparison\ Accordingly, Aebersold does not disclose or suggest an absolute quantity 
detemninatlon and does not set forth a prima facie case of antidpation. Reconsideration 
and vwthdrawal of the rejections are respectfully requested. 

Claims 2-3 and 4-15 were rejected under 35 USC 102 or 35 USC 103 for 
reasons found in the Office Action, Each of the aboCre-mentioned claims is dependent 
upon Claim 1, and patentable, as set forth above. Accordingly, the rejections are 
deemed moot, except as to daim 2 which has been canceled, and reconsideration and 
withdrawal of each of the rejections are respectfully requested. 

In view of the foregoing. Applicants believe all claims now pending in this 
application are in condition for allowance and issuance of a formal Notice of Allowance is 



^ In the cited pa5S3gc, AcbcTsold, in fact, denotes the quantity as relative, not absolute. 
GC626-2 rsp. 



PAGE 6/25*RCVDAT2/10j20045:10;03PM [Eastern Standard Time]*S 



02/10/2004 14:09 



GENENCOR LEGAL ^ 17038729306 



NO. 324 D007 



USSN 09/932,369 
Page 6 

respectfully requested. Examiner Count$ is invited to contact Applicants at (650) 846- 
7544 if there are additional questions/concerns. 



Date: January 10,2004 




H. Thomas Anderton, Jr. 
Registration No. 40,895 

Genencor International, Inc. 
925 Page Mill Road 
Palo Alto. CA 94304-1 01 3 
Tel: 650-846-7544 
Fax: 650-845^504 
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Asit Datta 

From th^ U/iiwrsi^ Wisconsin Biotechnology Center, Madison, >Vwcoww W70$ 



The wlute-rot basidiomycete Phanerochaete chry- 
sosporium is mostly known for its extracellular Ugm- 
nolytlc enzymefi. In thi» paper, the purificfttioii and 
characterization Of ft novel esLtracellnlar protean se- 
creted fay this funeos i» solid substrate cnltares under 
lisnhiDlytic Conditions nre desorifaedr The purification 
steps included e^ctraction of enzymes from the wood 
substrate, conoanavalln A-Sepharose ehromatogra- 
phy, anion-exchange chromatography (Mono Q)» and 
fiize-exclnsion chromatography (Snperose 12). The pu- 
rified protein migrates with Afr ~ 40,000 on sodium 
dodecyl salfate-polyacryUunide gel electrophore^. It 
has an isoelectric point of 5,6 and a sharp pH optimum 
at 4.0* The protease is totally inlUbited by Hg^, p- 
hydroxytnercuribenzoic acid* and iNT-bromosnccinim- 
idcr but is insensitive to phenylmethanesnlfonyl fhio- 
ride> pepetatia A, and EDTA. Its amino add comjiofii- 
tion and NHs-terminal sequence have also been deter- 
mined. The sequence data and the binding of the 
protease to eoncanavalin A indicate that the protease 
is a glycoprotein. The protease differs xn its phyaico- 
cheiuical properties and its response to inhibitors from 
other extracellular proteases previously found in an- 
other strain of P. cftrysoffiK»rium« The data surest 
that it has properties of both aspartate-iype and thiol- 
type proteases. 



The white-rot hasldlomycete Pharierockaete chrysoBporuurt 
has leceived eztendive attention because of ltd poweritil lignin- 
dfigrading activity. This ligninolytic property of this micro- 
organism abo makes it an attractive candidate for mdudtiial 
appUcatsons (l) and for the treatment of hazardous organic 
compoxmds (2). The biochemistry of Ugnm degradation by P, 
chrysO$porium is a complex process involving a series of 
enzymatic and non-ensymattc reactions. Evidence indicates 
that major extracellular enzymes that are involved in this 
process are \ie^ peroxidase, man^ranese-dependent pcrojd- 
da$e, and hydrogen peroxide-pioducing enzymes, including 
glucose cxidaae (intracellular) and glyoxal oxidase. The in 
uitro reactions catalyzed by these enzymes have been worked 
out in dfitail (for reviews, see Refs. 3-^), although their in 

* Thift work w^s supported by Biopulpin« Consortium, cximpos^ 
oT 20 pulp and p^r and a&SOCiated companies, the Unxvmity oC 
WioMnfiiii Biotechnology C«nt«r, *nd tKfe Foveat Products Labom- 
toiy. United States i;>epartzneiit of Agriculture. 1 acknowledge th« 
University of Wt9cenain Biotechnology Center for protein »equenchig 
work and the Ptotcin/Nncleic Acid Shared Faality of the Medical 
CoHese of Wlaconsin, supported by Natiojial Institutes of Heeath 
9bazed matruiii«Atation Grant for amiPO acid anai- 

y*e». The coBta of publication of thift ar^cle were defrayed in part by 
the payment of page charge^. This aiticli^ mUst therefore be hereby 
marked ^advcrtistmfnt" in accordance with 18 U.S,C. Section 1734 
solely to indicate this €aCL 



vivo coordination is not clearly understood. There is some 
evidence that certain ligDinolytic enzymes may act synergis- 
tically (7), 

in a recent study of the ligninolytic system of P. chrysos- 
porium in solid substrate cultures (S), I found that this fungus 
also exprsfises a substantial amount of proteolytic activity. 
Very little ia known about the extracellular pYO«ea$ea secreted 
by P. chrysosponam^ despite the fact that production of 
extracellular proteolytic enzymes ifv common among fungi (9). 
£frikseOn and Petters&on (10) reported the purification and 
partial characterization of two proteases fiom Sparotrichum 
pvlverukntum (=P. chrysosporhtm) grown with cellulose as a 
carbon source. These two acidic proteases were found to 
activate the endo-l,4-^glucanase8 present in the culturesr 
Vary recently Grethlein and co-workers (11, 12) ^udied the 
effect of cultme conditicms on protease activity in ligninolytic 
cultures of P. chrysosporium. 

This peiper reports the ptuiflcation and characterization of 
a protease discovered in wood substrate cultures of P. chry- 
sosporium. Solid substrate culture conditions are close ap- 
proximations to the in vivo growth coi^ditiona of these micro- 
organisms, eince wood i& their natural habitat. It is also 
noteworthy that solid substrate culture condxtiona can switch 
on enzyme systems that differ firom their liquid culture coun- 
terparts (8). The physico-chemical properties of the protease 
described here differ significantly &0m those reported by 
Brikseon and Pettersson (10), The ent^yme, which has been 
purified to homogeneity^ is an acidic protease with an unusual 
response profile to the inhibitoiB studied. Its amino acid 
compoation and NHs-tenmnal sequence were also deter- 
mined, 

MAT£HlAt$ AND MKTHODS 

Culture CoTiditiona ond Extroctioiu cf Enzymes— P. ehryaosponum 
BKM-P-I7fi7 (ATCC 24725) wM jjQwn in coarse wfuiet mechanical 
pulp from a^pen {Po];&diiS tmrnioideB) in polypropylene containers 
(8). 

At the end of the 3-day incubation period, the pulp, &oaked in 10 
mM godium acetate buff&r (pH 4^), was pieawtd with a hydraulic 
pteaa to extrude mo^t of the ^d out of the solid matrix- The exudate 
wes subsequently filtered, ccncentiatedj and frozen In Email portion!) 
isai further purification and characteixzation (S), 

Enxyme AiWQf*— J^roteaee activity was messmed with AzocoU 
(Sigma) aa the substrate (11). The protease was inCUbated with 20 
mt of subfttrate in 50 n^M sodium acetate (pH 4-5), with periodic 
«haldng m a tube at 37 *C for 30 nun, unless Otherwise Stated- The 
total volume of the reaction iniicture was 1 mL At th« «nd of tXe 
incubation period, the reaction was Stopped fay adding 10% trichlo- 
roftcctic acid, the tube was oentiifugtd at 12,000 X g for about a nun» 
and the abeorbanee of the snpernatant solution was read at 520 nm. 
1%e blank contained the vub«t»te and buficr, and it* reading waa 
Gubtracted from the sanople reading. One unit of prot«aae activity was 
defined as the amount of enzyme that catalyzes the release of exwugh 
BzO dye to give a change in absorbance at 520 um of OjOOI in 30 min. 
General peroxidase activity was determined with o-tolidine (33'- 
dimethyibenzidizie) As the substrate (14). 
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Erttyjne Purifieadon—T^ puriSeation atepa, except the (jnal chro- 
mato^phy, vtrere identlcs] to thoda icportcd in detail by Datt« oi. 
(8). Is B typwal purification procedure, an altquot of the Cru<b 
concentrate, aj^roxiniAtely 5 nil, was wJjustjed with stock NaCl so- 
hation to a final conoentratioa of 0-5 m NaCL The extract was passed 
through an afCnity oohimn ot concanavalin A-Sepharoee (Sigma) and 
washed with 10 nau sodium acetate (pH 6.0} coirtaming 0.& M NaCl. 
The bound piDteuiB wftre than eliated with the above bufier containing 
0 J M o-mcthyl-D-mannopyranoBidft (Sigma), Fractiona with proteaae 
activity we:« pooled- 

The pool was concentrated, desalted through a Saphadcx G«25 
column (0.5 X 7.0 cm; Bio-RadJ, and chromatographed on a Mono Q 
anlon-eiicha&go colunm (Pharmacia LKB Biotechnology Inc.) ioter- 
£Bced with a fast protein liquid chiomato^aphy system (Pharmacia). 
A gradient from lO mu to lid sodiom acetate (pH CLO) was appli^ 
over a 40-min praiod at a flow rate of I ml/cm. The ahiata waft 
monitored at 405 and 280 nm vith a UV-VIS monitor (Pharmacia). 
Hie proteaae peak« which absorbed at 2S0 nm only^ was eluted later 
than the peroxidase peaka, which absorbed both at 280 aoid 405 noi- 
The peaks were well separated* and assays of the collected fractions 
(1 ml) showed no overlap of protease and pexoxidasc actiyitiea. 

The protease pool from the Mono Q coluixm W9» concentrated at 
4 *C appraaumately lO-foId nsing aA Anucoik atiiTed cell and Amieon 
DiaHo UltranitrotioB raembrane (Amioon, Danvexft* MA) ^th a ivSr 
10,000 cutoft The concentrated pOOl WQS finally subjectad to fiize- 
ezctusLOn chromatography on a Superose 12 column (FhftfUAacia) 
connected to the fs^t prctain liquid chromatogiaphy aystem. Protease 
samples (0.2 JxtO were injected and ehited with fiO mM sodium acetflte 
{pH 4^) at a flow rate of 0.3 nil/ini&. The fraction si^e was 0^ ml. 
The volume of pooled &actiaas was approximately l-ti mL 

SDS*'G6i ^tectrojaftofesir— Chromatographic fractions were ana- 
lyzed by SDS-polyaczylamlde slab gel electrophore^ (PACE) and 
were stained with Coomassic Blue (8). Pharmacia PhastSyat^m g^l 
electrophoresis was also used with precaat SDS-poIyacrylaniide sets 
(homogeneous, 12.5^; Phanaacia), which were subeequently stained 
with Cooana^aie Blue. 

JsQehctrk Mbcusing-^Ptotte'ms were analytically focused on Seiva 
pzecoata (pH range 3-6. Serva, Heidelberfc Federal Republic of Ger- 
many )f using a Bromma 2117 Multiphor apparatus (LKB, Sweden). 
Standards (Sigma) bad pi values of 3.55 (amyloglucoflidase), 4^55 
(soybean tiypeln inhiisitor), 5.13 (^'lactoglobuUo A),, and 5.35 (car- 
bonic anhydraee B). The proteins were stained with Coomassie Blue. 

h^tm £kctrobk}ttingt Sequencing, and Ammo Acid Contpoeituvi— 
Fractions pooled from the Mono Q column (on the basis of abaorpiuon 
profiles, SDS-PAGE reoulta, and enzymatic afifiaytf) were concen- 
trated to approziinatcly 80 /^IDO td by using Centxiconfi spin con- 
centrator? (Amicon). The concentrated sample was eleCtrtq>hote3ed 
on Sl^-polyacrytainide gets and electioblotted onto a nitroceUuloae 
or polyvir^dens difluoride (Millipore) membrape at 19 'C by the 
method of ^emidry electropboretic transfer with the Pharmacia 
PbaStSystem. A typical transfer waa carried out at 20 V, with 25 mA 
of current per gel for approkimoteV 30 Qun. The transfer solution 
contaioed 25 mM Tris, 192 mM glycine, ajtd 20% methanoL 

Tlie protease was prepared for sequencing by etectroblotting to a 
polyvinylidene difluodde Dierobrane <Immofailon-P; Millipore) (15). 
protein sequencing was parformed at the University of Wisconsin 
BiotechiwlOgy Center with en Applied Biosystems (ABI) gaa-phaae 
475A Protein Sequencer (16). Sequencing cycles designed for polyvi- 
nylidene diOuorids (17) were used with on-line phenylthiohydantoln- 
derivative separation on an ABl 120A analyzer. Amino acid anabrses 
were performed with a Beckman 6300 amino acLd analyter at the 
ProLeia/Nudelc Add Shared Facility, Medical College of Wisconsin, 
Milwaukee. 

pH ProfUe Studiaa^Tht proteose sample was incubated with Axo- 
coll at dififettot pH vahKS at 37 'C for 2 h and 15 min and then 
assayed as deacribed above. The buffers used fbr Afferent pH ranges 
were the folbwing: for pH range 3-5^ 50 xnM eodium acetate; for pH 
range 6-8. 50 nui potasiium phosphate; and for pH % 50 mM sodium 
borate. 

Inhibition Studiws-^kW inhibitoirs wete diluted from 5 mM stock 
^utlons in 50 mM sodium aoetote (pH 4.5) io a fiaal conceBtraticn 
or 1 mM, except p-bydt03cymercuribenxoic acid (sodhira salt) (HMB), 
wh^ch was first iKssohned in 0.1 N NaOH and then further dihited 
into the acetate buffer. The concentration Of the protease was ad- 

^ The abbreviations used aie; SDS» sodium dodecyl sulfste^ PAG£, 
polyaczylamide slab gel cIectrophorecis;HMB,p'hydn»cyDiercuribea- 
zoic acid (sodium «alt); PM5F, phenylroethanesulfoi^l fluoride. 



Justed such that its activity oorreEpondcd to an absorbance change of 
0.3 pet 30 min at 520 nm in the regular assay, as described above. 
The protease (appcorimately 0.2 »g) waa incubated with the inhibitory 
fbv 30 min at 37 *C and then assayed with Azocoll after 1.75 h of 
incubation with the substrata at 37 *C. 

RESULTS 

Ej^raction and Purification 

Extraction^The inoculated aspen pulp waa harvested on 
day 3 when the level of colored oompcunds m the extract was 
ICFw, The levels of extracellular lignin-degrading peroxidaBea 
of this or^aniam were also found to be high On day 3. The 
enzymes from inoculated pulp were pieasad out with a by^ 
drauJic piesB, which generated enough preaaure to recover 
ni06t of the enzymes. I estisnated approximately 4 mg of total 
protein in the crude extract/l»0OO ^ dry wei^t of pulp. The 
uninoculated wood extract did noi ehow any proteolytic activ> 
The use of a hoUow-flber filtration syatem removed most 
of the high Mr interfering compounds (8). The e^act waa 
subsequently copcentrated as much as IdO'fold with a tangen* 
tifll flow ultrafiltration system with a cutoff Mf of 10.000. 

Ccncanavalin A-Sepharose Chromatography^The pzo- 
tease, along with the peroxidases from the Crude extract, waa 
isolated by uaing an afBnjty column of concanavalin A bound 
to Sephazose. The protease and other glycoproteins (man* 
g&nese-dependent peroxidase, lignin peroxidase, and glyoxal 
Oxidase) were mostly recovered on elution with a solution of 
0.5 M a-metlo^-D-mannopyranoaide. No enzymatic activity 
was detected in the flow-thxough, although a aubatantiai 
amount of residual colored material was removed in the 
process* Most of the protease and peroxidase activities were 
recovered in the same fractions. These tactions were pooled, 
concentrate and desalted thxou^ a Sephadex G-25 cohimn 
prior to loadxnjT onto an ion-exchange column. 

Ion-exchange ChroTnatogrophy—To fractionate tibe pro- 
tdns farther^ an anxon-exchanga column (Mono Q] connected 
to a fast protein liquid chromatography system was used. The 
peroxidases and proteaae were well reaolved with a gradient 
of sodium acetate (pH 6.0). A typical chromatogram is shown 
in Fig. 1. Assays and SDS-PAGB of the fractions showed that 
the peroxidases wejte eluted first, followed by the protease. 




IS 

Tl/na (min) 

FiG. 1- Mono Q Chromatosram of the crude extract. Absozb- 
ances at 280 and 405 mn are shewn by the toUd line and the dotted 
One, leepectlvely. For details of the chromato^ophy. wc "Matcriols 
and Methods." 
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The protease was ehited at a EeteDtion time of IS min. The 
peroxidaaefi» betng heme proteins, absorbed both ni 280 and 
405 XUD. whereas the protea&e absorbed only at 280 tjxa. 
Fractior^ with protea$e activities were pooled and concen- 
trated with Amicon spin column concentrators. 

Size Exclwion Chromatography^Hh^ concentrated pool of 
Mono Q fractions cOKitammg the protease was injected into a 
Supexose 12 gel filtration column and eluted with 50 mw 
sodium acetate (pH 8.0). The proteaee waa elxited under a 
well resolved single peak. The purification steps are shown in 
Table I. The SDS-PAGE of purified protease showed a single 
band (Fi«. 2). 

Determination ofMoleeufar Weight 

The molecular weight of the proteose was determined from 
its mi^pration distance on SDS-polyactylamida geL Estimatioxi 
waa bftsod upon the calibration curve oon^nicted with icnown 
molecular weight marketa. The molecular weight was found 
to be ^>proziniately 40,000. 

pH Profile CTui I$oeieetnc Point 

The pM optimum of the protease was determined irom 
activity measurementa over a broad pH range. The enzyme 
waa found to be most active iu the acidic pH range, with 
marimum activity at pH 4.0 (Fig. 3), The acUvity was found 
to decline ahaifpty on either side of the peak. The isoelectric 
point of the protease was determined to be 5.6. 

Reactions with InhQ)itOr$ 

The protease was tested against a wide array of mhLbitors. 
Its residual activity was measured afUr incubation with each 
inhibitor f6r a fixed length of time, and this activity was 
compared with the control which was incubated tbr the same 
len^ of at the same concentration without any inhibi- 
tor. The lesulttf (shown in Table U) revealed some InterestiTig 
features: the protease was found to be mostly insen^ve to 
commonly used protease inhibitors, including phenylmeth- 
anesulfonyl fluoride (PMSP), pepstatin A, EDTA, and azide. 
Cyanide was found to inhibit it mergbially. Among the heavy 
metals studied, only Hg^''^ was found to be affective in inhib- 
iting the en^me activity. Cu^"^ and Ag** were noninhibitory, 
N-Biomosucf^nimide and HMB inactivated the enzyme com- 
pletely, although some residual activity was seen when d(thi- 
othreitoi was included during incubation with the latter com- 
pound. 

Amino Acid Composition and NHy'teminal Sequence 

The amino acid composition of the protease (Tabl9 HI) 
shows that the enzyme has very low levels of methionine and 
bistidine. The NHi-terminal sequence, determined with con- 
fidence up to 28 residues, shows a potential is^-glycosylation 
^te (Table IV). 



proteose from P, chrysasparium 

Jwracdon with Extracellular Eruymes 



When a crude protain extract from P. chry$c$porium cul' 
tuies was incubated with the protease for 1 h at 37 'C, no 
enhancement in the activity of Egnin peroxidase, manganese- 
dependent peroxidase, or glyoxal oxidase was observed under 
the given experimental conditions. No clear evidetme of lignin 
peroxidase (isolated from liquid cultures) (Id) degradation 
was seen under identical conditions. The lignin peroxidase 
activity remidned unaltered by protease treatment, and no 
fragmentation of lifnin peroxidase was observed upon SD$- 
FAGB. 

mscussiON 

Proteolytic enxymes play major roles in fUi^al phy^logy, 
including func^ona such as germination and Qtponilation. 
Under ligninolydc conditions, they can scavenge nitrogen 
from woody cell walls and amino acids from denatured fongal 
ptoteinB in a nitrogen-deficient environment. They can also 
acUvate zymogenic enzymes by limited proteolysis and pos- 
sibly can release from fungal cell walls enzymes that attack 
wood polymars (10). Recent observations by Dosorets et aL 
ill) s\^gest the invohrement of proteases in the decline of 
lignin peroxidase activity during secondary metabolism in 
liquid cultures of P. ehrysosporiimi. These investigators found 
an inverse correlation between overall lignin peroxidase activ- 
ity and protease activity in liquid cultures and observed that 
glucose was a key regulatory nutrient in the control of protease 
activity. 

My observations show that a significant level of protease 
activity occurs in solid substrate cultures of P. chrysosporium. 
Although the total amount of protein present in the extract 
was low» at least 300 unite Of activity we» detected per 1,000 
g (dry weight) of inoculated aspen pulp. Initial extraction of 
the enzymee from solid substrate cultures was complicated by 
the presence of h^h amounts of colored polyphenolics and 
viscous wood hemicellulosea. However, the use of younger 
cultures and subse<^uent filtration with h^h Mr cutoff mem> 
branes greatly reduced the amount of these interfering com- 
pounds. As a result, the successive chromatographic steps 
were easier to carry out and yielded a pure protease, with 
maxinmm purification occurring during the ion-exchange 
stap. The apparent increase in activity yield after the Superose 
12 chromatography probably reflects the removal of some of 
the naturally occurring inhibitors from the crude extract. 
method of squeezing the extract out of the pr«tteatad jmip 
was shown to be adequate by spectroscopic and other tech- 
niques (data not presented). Manganese-dependent peroxi- 
dase and glyoxal oxidase were two otb&r extracellular enzymes 
that were found to be relatively abundant undsr the experi- 
mental conditiox». 

Since the protease releases azo dye from Azoooll, It is most 
likely an endoprotease. Like most other fUngal proteases^ it is 
acidic, with a very sharp optimum at pH 4.0. Its molecular 
weight falls within the ranga of most add proteassB (30,000- 
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Protease from P. chrysosporuLm 

Tabus: m 

Arnino acid. C(>n)pQ$Uion of prrOttait 



731 




of piDt^ wffB loaded op^ l2.&% how^anwv^ SDS^palyacryUmlde 
gel; The gel was sfwned with Coomana^ BrilKimtBlue R-m Tb* 
molcculftr weight inarkw» a» (^tpxnii tqp to Iksetom): «^7^400, 66,200, 
42,m, 31.000. aud 14,400. 
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Fic. 3. The pH profile Of IJiepeoteMc. See "WateriAk And 
Methods* for ditftails.: 

ta»i» n: 

Effect p/ frthi&ctoCT Ton;prbfaggg agtiut^ 
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j>Hy<iroxyniercurib«n2oate <+2 piM dtthi<(tIiwitol> 
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.PMSF 

P^tsttin A, 



100 
9S 

100 
IGO 
0 
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Id 

100 
83 
93 
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45.000) (!»),. I3ie P. ckrysospomm pmm^ has a sli^ly 
higher j>l (5,6) ihsn most other 'e<»dfc proteases (tjpical pi 
values: 2r?ii' hpweyiej:, TaRiia oL (20) :have reported an 
extraoelhjlar airid:protease from Sporptriehum ^morpho^po- 
rUm with pT == 7,4. 
This work haa reveaUd intetestiMig information fibotst the 
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Table 

NH^rmmal $equeiux of thAprocsttse 
The vequence v^a^ d«t6nmned up to 2S xesidodft with con&dex»c«- 
The imderiiined x«s£di3e» indicate apfsihtjft N-gj^jfCOsylftticm^. Two 
jfiindues reawia unidentiffea (X). 

10 "~ 5ft ! ii~ 



seii$itivity of the P. chrysosporitm protease tO!W3ftrd ditfetent 
inhibitbi^ It waj$ possible to ;rei30jQ(ye the protease 9Ctiyity 
almost oompleteJy by Ixaitch treatment of the ciode cowicen- 
ti^te with^orniacrpglp&idln^ Ho^jrever, th^ cin?}F»e wa$ found 
to be insensitiye to the iCisM protean iilbifaitoi:^ Buoh as 
FMSF, EDTA, and pepi^fcatih A. Dosoretz ef aL jll) obi^ed 
4 declhje.in ovtxall preteaae actWty when: PAi$F waa addftd 
to grovring fimgal cuHurie?^ Although, tbe niegonty oit fungal 
add proteases, art pepstatm A-sensftive, a, ;few Kaye been 
reported to be in&ensitiye ieo pepatal^ A, for exajttj^ the. 
proteasesfr6m.Affj)eig»(2wf n^?cr^(^^ S, 
dimorpho$parujn (20), and iTrw/wdarTna reewi (!23)- Many of 
these proteases, top iL<mev«£r, s^n^tive to ^T!hromosucdn!m- 
ide, .and ^ny observatSons: with this inhibitor show that the 
Fharierpdtattie enzyma ali^ diSfpUors'^his characVemti'c. Thesef 
.findmgs suggest that-t'tie: P. chryso^^Ofiwh fxco^ease be^^ 
in the subcUe^ ojr Bispartate ,pxote«^; hav)^ aapaidtCc 
acida. as the .active site le^dues, as pepsin is^4). On £he 
other hand, ka sensitiyity io^murd tOVIB is more consistent 
T?ith the behavior of a &iol pirotease. .A3 a joaatter of .feet, 
some- acid proteases have been shown ' to be of the thiol typo 
(ISf). In tHs reaped; the pi^taase d^cribed in tlus j^oit 
hehaves like those fti>m.-SpomrkHuTa pvlverul^rthmt (10). 
The acidic ptioteaeee from S; pi4iierulef?ium w&p also fb^ond' 
to be sansltive to HMB, buct ih oontrast withmy obi^atlons, 
the activily of thiis suzyxtie was almost completely restored in 
presence of ^thiothrei^i. As zegazds atl. oth^r.pliQrsico^om- 
ical properties^ inclbdin^ niole»GiiLlsr wdght, iso^Dsc^no point, 
pH opfizzium, azid xesponose to. other inhibitors^ the protease 
from solid substrate cultures' xn^P. t^rysosp&rium^ was fonsd 
to be entirelyi^erent £ram ihe piot^ia^fi ohaiacterizedfroiA 
$, pidoisruhntum, I didiitOt observe agnnOgenic acttvation of 
ai^y of the known ligniriolytic enasymes of Pi chryi0^j:ixim 
by itihis pzot^dse onder the given oonditionis. H^owever, Sr^ 
son and tettarsson (I0).have repoxted an incresase in etido- 
glucanase activity i^ion-treiatmieiMi:'^^ the.pijotease thattiiey 
isolated fxoin S. ^h^rulentum, 

Amino add azialys6$ and.NHr-t^hn^l.aequenjce: analyses 
for other piote3«e9 irom lignino(ytic iungi have not been, 
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reported and ore pertinent. Hera, separate eatiinflte$ of glu- 
tamine and asparagine were not possible because of sponta- 
neous deaxni nation of these 2 residues during sample prepa- 
ration. In addition, the instrument wag not equipped for 
tryptophan analysis. The KHs-terminal sequence shows clear 
evidence of a giycosylation site conforming to the general mle 
Asn-X-Thr/Ser (25), which is consistent with the fact that 
many of the fungal aspartate proteases, including thoee from 
MucoT mkhei (26), ScytaUdium Hordeolum (27), QiMiAspergil' 
tus ory££te (28) contain carbohydratee. No eignificant Eiomol- 
ogy was seen when the sequence was compared with other 
known sequences usin^ NBRP-Protein and Swisa-Protein 
databases. Thxe is not surprising^ con^dering the fact that 
the active site is usually located far from the NH^-terminal 
re|^n« and so the NHa-termina] re^fion does not have to be 
highly Conserved. 

At this point, the role of this protease is unclear. However, 
it is possible that the en^me could be involved in the intra^ 
cellular cteavage of the putative lignin peroxidase propeptide 
(29). Subsequently the protease co\ild be released into the 
extracellular matrix following fungal autolysis. Very recently, 
the data hy Messner and co-workers (30) suggest a correlation 
between autolysis and release of extraoeHulax eruymes from 
filngal hyphae. 

It will be intexeeting to compare further this protease iso- 
lated fttnn solid substrate cultures with that &om submerged 
cultures of P. cfuysosporiuTTu Dosoretz et dL (11, 12) studxad 
the effect of environmental conditions on proteaae activity 
from H^id cultures of P. chrysosporium and the protease- 
mediated degradation of li^irdn peroxidase^ but no information 
is available on the physico-chemical properties of their pro- 
tease. It is possible that these properties might differ depend- 
ing on the culture conditiondv 

In summary, I have reported here the purification and 
characteri^tion of a novel protease trom soiid substrate cul- 
tures of P. chrysosporiunt. It is an extracellular, acidic pro- 
tease, most Ukely of the aspartate type. The ^nis-tenmnal 
Sequence data suggest that the ensyme id a glycoprotein. Its 
sensitivity toward various inhibitors is unique in some re- 
spects. Further work is needed to study the effect of culture 
conditions on its formatioxi and to understand the nature of 
its substrate, including specificity, and kinetics. 

Ackrtowledgmenta—l thank T. Kent Kxrlc of Forest Ftoduct& Lab- 
Oratory for zDSziy etimulating diAcimionB and critical review of the 
manus^ipt and Aloz) Bettenns^n jE^r his help in protein eteetto- 
hUytting. 
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[99] COENZYME A TSAN$PHORA$E FBO&C CL0STRIDIT7M KL UYVllK I 509 

triethanplamine buffers (0.1 ilf , pH 8.0). At the same concentrations and 
pH, potassiuTxi diethylbarbiturate and citrate b\iffers cau^e 50% inhibi- 
tion, and inhibition by potaseium pyrophosphate is about 90%, Relatively 
high concentrations {0,01 M) of ATP and ADP inhibit the enzyme 
partially. 

The enzyme activity i& lost upon dialyeie and cannot be restored by 
the addition of known cofactors or crude boiled extracts. 

The rate of the arsenolysis reaction is directly proportional to the con- 
centration of CoA over a very wide range (0 to 200 units/ml.)* The con- 
centration of CoA needed to saturate the enzyme had not been determined. 

The rate of arsenolyais is a linear function of the arsenate concentra- 
tion over the range of 0 to 0.1 M] further, nonlinear increases in rate are 
observed up to areenate ooucentrationB of 0.2 M, 

Effect of pH. The enzyme is active over the pH range of 6.6 to 9.0 with 
a broad optimum range of 7,4 to 8-4- 

Spec^opkotometric Measur&mmt of En^syme, Reaction 1 may be fol- 
lowed directly by measuring the changes in optical density at 232 to 240 m^ 
that are associated with the formation or cleavage of the thiol ester 
bond of Ac^SCoA.* Since this method requires considerably more CoA 
(0.1 micromole); it is not recommended as a routine assay procedure. 

BquU%bT%um Constant. The equilibrium constant^** for reaction 1 is: 



74 



„ (Ac^SCoA)(HPO^ — ) 
^ (Ac-^PXCoA) 

•E. R. Stadtman, /. BioL Chm. 203, 601 (1053). 
An equilibrium constant of 60 ± 20 was reported earHes (E. R. Stadtman, J. Biol. 
Chem. 196, 535 (1952)1, but more recent studies have shown it to be about 74 
(E. R. Stadtmanj unpublished results). 



[99] Coenzyme A Transphorase horn Clostridium tduyveri 

Butytyl^SCoA + Ac ^ Butyrate + Ao^SCoA 
By H. A. Barkeb, E. R. Stadti^cait, and Arteue Kornbebg 

Assay Method 

Principle. The method is based on the decrease in optical density in 
the 232- to 240-mM region wbeu the above reaction is coupled with the 
arsenolysis of Ac^SCoA under the influence of phosphotransacetylase.* 
The net reaction is an apparent hydrolysis of butyryWSCoA- 

> E. Stfldtman, /. BioL Chcm. 203, 501 (1953). 
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600 ENZYMES OF LIPID METABOLISM [99] 

ButyryWSCoA + HaO -* Butyrate + CoASH 

At 232 m^i, the molar extinctioii coefficient of CoASH is about 55% of 
that of acyl^CoA, The difference in the molar extinction coefficients 
of butyryl'^SCoA and its hydrolysis products {AE22O is 4.5 X 10» 
cm.Vmole, 

Reagents 

Butyryl/^SCoA (0.001 M), When the solution ia adjusted to pH 6 

with KOH, the compound is stable for months at —15*". 
0.15 M KAc-0.33 M KAsO^, pH 7.0. 

Phosphotransacetylase-* Dilute the stock solution to 40 units/ml. 

with 0.05 M Tris-HCl buffer, pH 8.0. The enzyme solution is: 

stable for months at — lo**. 
Enzyme. Dilute the stoct solution to a concentration of 0.05 to 0-15 

unit/ml. (See definition below,) 

Procedure, Add 0.2 ml. of KAo-KAsOi solution and 0.1 ml. each of 
butyryl~SCoA and phosphotransacetylase solutions to 1,0 ml. of water 
in a quartz cell having a 1-cm. light pal^ and a 1.5-ml. capacity. Then add 
0.1 mi. of enzyme solution, and take readings at 232 m/t at 1-minute In- 
tervals. The reference cell contains all reagents except butyryWSCoA 
and phosphotransacetylase in order to compensate for the high ultra- 
violet absorption by the enzyme. Since the rate of the reaction declines 
with time, the enzyme activity is calculated from the optical density 
change between the first and fourth minutes. 

Definition of Unit and Specific Activity, One unit of enzyme is defined 
a>s that amount which causes the decomposition of 1 micromole of bu- 
tyryl—SCoA per 3 minutes. This corresponds to a rate of optical density 
clwige (A0I>j&3) of 1.0 per 3 minutes at 25* under the above conditions. 
Specific activity is expressed as units per milligram of protein, determined 
by the method of Lowry et aJ.* 

Purification Procedure 

Only small purification of CoA transphorase has been achieved by the 
methods applied until now.* However, the best preparations have a re- 
duced nucleic acid content (Oi>i«om»/OI>MCop = 123) compared to the 

* E. R. Stadtman, /. Biol, ChcTn. 196, 527 (1952). The fractictn obtained by alcohol 
precipitation (50 to 58%) is s^tiafActory; see Vol. I [08]. 

* 0. H. Lowry, N. J. Rofl6brough> A* L. Farr, and R- J- Randall, /. Biol Chem. 193, 
255 (1951); Vol. lU (73]. 

* A. Komberg, H. A. Barker, and E, B. St»dtman, unpublished results- 
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[99] COEJrZYMJS A TRANfiPHORASI!! FMM CLOSTaiDITJM KUnrVBRI 601 

starting material (0.62) and are rdativiely free of light-absorbing compo- 
nents, in both the visible and ultraviolet regions, 

Stejf 1 . PreparaHon of Crude Extract. 10 g. of dried and ground cells of 
CI. hluyveri^ i$ homogenized with 100 ml- of 0.002 M KPO4, pH 7.4, and 
incubated with occasional stirring at 30° for 4 hours. The solution is een- 
trifuged at 10,000 r.p,in. for 10 minutes, the supernatant liquid decanted, 
and the precipitate washed twice with 40 ml. of buffer. The combined 
supernatant liquid (volume, 140 ml.) retains its activity for months when 
stored. 

Step 2. 'Protamine Treatment To 1 vol. of extract from step 1 is added 
0.2 vol, of a 1% solution of protamine sulfate (sabnine). After 5 minutes 
at 0**, the solution is centrifuged in the cold, and the precipitate is dis- 
carded. To the supernatant solution add 0.2 voL of 1 iW KAsO*, pH 7.0, 
and 0.06 vol. of 1 KAc, and dilute to twice the original volume. 

Step 3. Fradionaiion with AmTnonium Sulfate. To the cold enzyme 
solution of step 2 is added sufficient powdered ammonium sulfate to give 
0.45 saturation. After stirring for 5 minutes at 0**, the precipitate is re- 
moved by centrifuging at 12,000 r.p.m. The supernatant liquid is ad- 
justed to 0-65 saturation by addition of solid ammonium sulfate, and, 
after centrifugatLon, the 0-45 to 0.65 fraction is dissolved in one-fifth the 
original volume of 0.05 M KA$Oi, pH 7.0. This preparation loses approx- 
imately 25% of its activity in two weeks at — 15*, 

Step 4, Fractionation with EthanoL KCl, iCAc, and acetic acid are 
added to the solution derived from step 3 in such amounts as to give fiy>Al 
concentrations of 0.2 0.02 JIf, and pH 6.3, respectively, when the 
protein concentration is adjusted to 3.0 mg./ml. Absolute ethanol cooled 
to — 10° is slowly added to the solution, which is stirred continuously, 
until the alcohol concentration is 31% (v/v). After 5 minutes the precip- 

SUMMAJRT 07 PUBIFZCATIQN PttOCEDtJfifi* 
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1, Crude extract 


SO 


1.00 


80 


13.9 


0.072 


(100) 


2. Frotamine supern&te 


90 


0.65 


58 


6.4 


0.101 


73 


3. (K£[4)il&04 fraction, 














0.4&-0.6d satn. 


20 


2.08 


42 


11.0 


0.190 


53 


4. Eth&nol fraction, 










31-49% 


20 


1-26 


25 


4.0 


0.310 


31 



* H, A* BArker, A. Korjaberg, and E. R. Stadtman, unpubli^ed experiments. 
* E. R. Stadtman and H. A. Boikcr, Biol, Ckem. ISO, 10S5 C1949); see Vol. I [^]. 
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(100] 



itate is removed by centrifugatioiij and more alcohol is added to tiic super- 
natant solution to give a final concentration of 49%. The solution is cen- 
trifuged, and the precipitate is imzoediately dissolved in the original 
volume of 0-05 il/ KAsO-t, pH 7. AH operatioius are carried out at 0 to —6**. 
The product of step 4 retains 90% of its initial activity during storage for 
two weeks at — 10°. For sonie purposes orthophoaphate or triethanola- 
mine is preferable to arsenate as a buffer for the final enzyrae preparation. 
See the accompanying table for a summary of the purification procedure. 

Properties 

Specificity, Crude extracts of CL kluyveri catalyse the transfer of the 
CoA moiety of acetyl CoA to formate, acetate^ propionate, Wr-butyrate, 
n-valerate, t^caproate, Ti^caprylate, vinyl acetate, lactate, and possibly 
glyoolate.^-* The reaetions are generally reverdble. The specificity of the 
purified enzyme has not been investigated. 

Effect of pH. The enzyme shows a pH optimum for activity of pH d.8 
to 7,0, The pH range for activity is from approximately 5.6 to above 8-0. 

Effect of Svhsirate Concentration, Incomplete data indicate that the 
MicHaelis constants for butyiyl CoA and acetate are approximately 5 X 
10-^ M and 7 X lO"' Af , respectively. 

Beat Stability. When crude e^ttracts are heated for 5 minutes at 55, 
60, and 65*, the enzyme loses approximately 40, 52, and 78%, respec- 
tively, of its activity- Since phosphotransacetylase is much more thermo- 
labile, preparations heated for 15 minutes or longer at 60° have a low 
content of this contaminating enzyme. ^ 

* I. I^beniian and H. A. Barker, unpublished results. 



[100} Deacylases (Thiol Esterase) 
Sucdnyl CoA Deacylase 
SuccinyWSCoA + HsO — ► Suecmate HS-CoA 
By John GERaELT" 

Assay Method 

Principle. The method described below^ is based on the following 
facta. The entymatic reduction of DPN by a-ketoglutarate (KG),* ac- 

1 Established lavestigator of the Amencan He^rt Association, 

» J. Gergely, P. Hele, and O. V. Ramakrisiman, J. BioL Chem, 198, 323 (1952). 

' KG will be used throughout sa an abbreviation of oi-ketogLutarate Or the free acid. 
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Fluorometric Determination of Polystyrene Latex: Application to the 
Measurement of Phagosomes and Phagocytosis 
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IntriTwc fluorescence of polystyrerv? ^tUsolved in or^nic solvents such as 1 ,^dimetlioxyethane 
was used 10 develop a wnsilivc method for the quantification of iwlystyrene latex beads. This 
method allows the assay of latex m the microgram range and is one order of maenitude more 
sertMtivc than the conventional spectfophotometric method- The fluoroTnctric technique was used 
in the quantification of ph^cyiic latex pattide uptake by macrophages and in the quantification 

of i SOlated phagOSOmal fhrttionS. 6 1 986 Acadtmic press, inc. 

Key Wo*<ds: fluoresceticc; latex beads; phagocytosis; macrophages. 



Phagocytosis Is an important phctiomenon 
which serves microorganisms for nutritional 
needs or allows specialized cel)$ such as raao- 
rophages to eliminate unwanted materials 
[e-g-, bacteria, aged cells (1-3)]. It involves an 
invagination of a portion of the cell sur&ce 
and the formation of phagosomes, i.e., cyto- 
plasmic vesicles, where the ingested particle is 
closely surrounded by the plasmalemma-de- 
rived membrane. In vitro study of phagocytosis 
generally requires quantification methods. 
Numerous assay systems have been developed 
(4) and among them phagocytosis of latex 
beads has. been widely used- The latex beads 
arc easy to visualize under the light microscope 
and their density allows facile access to ph^o- 
somes by floatation in density gradients (5,6). 
The quantification of the beads was generaUy 
determined spectrophotometrically (1) after 
their extraction by organic solvents according 
to the method originally described by Roberts 
and Quastcl (7). The sensitivity of this method 
can be limiting. We have found that polysty- 
rene latex beads in phagosomes can be eaaly 
quantified by a fluorometric method which al- 
lows the assay of latex in the microgram range. 

' To whom correspondence should be addressed. 



MATERIALS AND METHODS 

Maierials. Monodisperse preparations of 
polystyrene latex beads of 1.1-m^ diameter 
were obtained from Sigma Chemical Com- 
pany or from Serva. Hanks* balanced salt so- 
lution (Ca^"^- and Mg^*-free), Medium 199, 
Dulbecco's modified Eagle's medium 
(DMEM)^, and calf ^rum were purchased 
from Gibco. Heparin and tuftsin were from 
Sigma. The solvents used in the study were of 
the best available grade (Spectrograde); 1,2- 
dimetboxyethane, HPLC gmde, was from 
Fluka A.G. 

Ceils. Adherent mouse splenocytes were 
obtained from 30-50 g Swiss albino strain 
mice. Spleens were removed aseptically and 
gently teased through a 80->im stainless-steel 
grid partially immersed in hcparinized (5 U/ 
ml) Hanks' medium at 20°C- After cell col- 
lection and erythrocyte lysis (8), the spleno- 
cytes were resuspended in Medium 199 con- 
taining 20% (v/v) heat-inactivated fetal calf 
serum supplemented with glutamine (685 ;iM), 
heparin (5 U/ml), and NaHCOj (8.9 raM). The 
celi suspension (5 to 6 X 10* cells/ml) was 

'Abbreviations used: DMEM, Dulbecco's modified 
Eagle's medium; FBS, phosphatc-buffcrod saUne. 
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transferred to glass petri dishes and incubated 
overnight at Sl^C in a humidified atmosphere 
of 5% CO2 (final pH 7.2). Nonadherent and 
loosely attached cells were then removed by 
linsiiig the dishes with fresh mediutn. 

Mice resident peritoneal cells were obtained 
by peritoneal lavage with 5 ml of heparinized 
(5 U/ml) phosphate-buffered saline (PBS), pH 
lA. The cells were centrifuged at 200^ (15 
min) and re$u$pended (iO^ cells/ml) in 
DMEM supplemented with heat-inactivated 
newborn calf serum (20% v/v) and heparin 
(5 U/mi). Cells thus obtained were used for 
phagocytosis assays either as suspensions or 
were incubated and allowed to adhere (2 h) to 
plastic pctri dishes. Viability of the cells esti- 
mated by trypan blue exclusion was routinely 
superior to 95%. 

Phagocytosis assays. Polystyrene latex 
beads (1. 1-^m diameter) were resuspended in 
fetal calf serum by a brief treatment in a son- 
icator bath and left 24 h at 4°C. The opsonized 
beads (400 particles/cell) were added to peri- 
toneal macrophages either adherent (L75 
X 10* cells/well of 2 cm"^) or in suspensions 
(0.6 X JO^ ceUs/ml in 25-Tnl flasks). After the 
incubation time the cells were washed four 
times with cold PBS, in order to remove non- 
adherent particles, and collected in PBS con- 
taining 0.1% (w/v) emulphogene BC 720. The 
lysate was centrifugcd for 10 min at 10,000^ 
and the pelleted particles were washed twice 
the same way and finally resuspended in water 
for latex analysis. 

Phagosome isolation. Adherent splenocytes 
and opsonized beads (2 to 3 X 10^ particles/ 
cell) were incubated at 37*C for 60 min. After 
phagocytosis the excess beads were removed 
by vigorous washing (four times) with cold 
(4''C) PBS (pH 7.4) and the cells were scraped 
with a rubber policeman into the same me- 
dium. After homogenization in a Dounce ho- 
mogcmzcr the suspension was adjusted to 30% 
(w/v) sucrose and the phagosomes were iso- 
lated by floatation essentially as described 
in (6). 

Polystyrene latex quantificaxicn by fluores- 
cence. Polystyrene latex particles associated 



with cells or phagosomes ( 1 00 ^1 of an aquctius 
sample containing between 0-5 and 20 /ig la- 
tex) were added to 1.9 ml of 1,2-dimethoxy- 
ethane (redistilled) and the mixture was vor- 
tcxed. When needed, residues were removed 
by a short centrifugation (5 min) at 10,000^. 
The fluorescence was then determined in 
thermostated (25 *C) cells of 1-cm path length 
with a Jobin Vvon (model JY-3D) fluorometer 
equipped with a xenon lamp. The slitwidth on 
excitation and emission monochromators was 
routinely set at 4 nm; excitation and emission 
wavelengths were set at 268 and 335 nm, re- 
spectively. A standard curve was established 
under the same conditions from the purchased 
stock according to the manufacturer's indi- 
cations (1 f^g of latex corresponded to 1.76 
X 10* particles). 

RESULTS 

Absorbance and fluorescence properties of 
polystyrene latex. When dissolved in an or- 
ganic solvent such as dioxane, polystyrene 
presents an absorbance maximum at 259 nm. ^ 
At a concentration of i /^g/ml the absorbance 
is about 2,3 x 10"' (1). Polystyrene solutions 
are also fluorescent. In hexane the emission 
maximum is at 330 nm (Xex = 265 nm) and 
the quantum yield is equal to 0.03 (9). We 
have measured the fluorescence of the latex 
beads in several solvents miscible with water 
which present a good solubilization of poly- 
styrene (dioxane, 1,2-dimethoxy ethane, di- 
ethylene glycol, and tetrahydrofuran). EKie to 
its very low fluorescent background we have 
selected 1,2-dimethoxycthanc as the solvent 
for our studies. Several other solvents contain 
antioxidants which contribute to the fluores- 
cence at the wavelengths of interest In 1,2- 
dimcthoxyethane the maximal wavelengths of 
excitation and emission were, respectivelyj 268 
and 335 nm. 

Quantification of the latex beads by fluores- 
cence. The polystyrene latex particles were 
solubilized in l,2-dimethoxyethane/H20 (95: 
5, v/v) and the fluorescence was measured in 
a range of 0-25 to 50 /ig/assay. Figure 1 rep- 
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FIG. I . Quantification of polystyrene latex beads by flu- 
orescence. Latex beads < M t^) were soluWllzed In 1 .i- 
dimcthcrxyethane-water (95:5, v/v) and ihe £luorc5ccn<« 
was detefinined at 335 nm (Xa, = 268 ntn) in tbcrrnoaatfid 
cells at 23°C. 



resents the relationship between the fluores- 
cence at 335 nm and the concentration of latex 
beads. The assay, which can be easily minia- 
turized, proved highly sensitive and the fluo- 
rescence intensity is linear with the number 
of beads (r = 0,999 in the 5-50 range and 
r = 0.998 in the 0.25- 1 .25 /ig range). No inner 
fiUer effect was noticeable up to 50 Mg poly- 
styrene latex/ml; departure from linearity b^ 
came detectable only above 100 Mfi/nil (not 
shown). The present method compares favor- 
ably with the spectrophotometric assay of 
polystyrene latex beads* which was accurate 
in the 20-200 Mg/assay range (1,7). 

Application to phagocytosis quantification 
and to phagosome isolation. The high sensi- 
tivity of the fluorescent quantification of poly- 
styrene allowed the determination of ph^o- 
cytosis by a relatively small number of cells 
(less than 2 X Opsonized latex beads were 
given to suspensions of mice peritoneal mac- 
rophages, and the extent of phagocytosis as a 
function of time was determined at 37 Af- 
ter the incubation period the cells were washed 
with phosphate-buffered saline by successive 
centriftigations. Latex determination in the 
supematants indicated that four washes were 
needed to eliminate free or loosely attached 
particles. To distinguish strongly adsorbed 
beads fifom ingested ones, parallel experiments 



were performed at 4°C, a temperamre known 
to block phagocytosis. The uptake of the Utex 
beads by the cells as determined by the fluo- 
rometric method is shown in Fig. 2. To avoid 
the contribution of the intrinsic fluorescence 
of the cells to latex measurements, the particles 
were obtained from cdU by digestion in erouJ- 
phogene BC 720 (a nonionic detciBcnt) and 
washed twice by ccntrifugation in PBS. Under 
our experimental conditions phagocytoas 
readied a maximum after 60 min at 37*C with 
an average uptake of 20 beads/cell- Similar 
results were obtained with adherent peritoneal 
macrophages {not shown). 

Since phagocytosis is known to be stimu- 
lated by mediators such as lymphokines or 
tuftsin (10), we have tested the sensitivity of 
our phagocytosis assay in such cases. Adherent 
peritoneal macroph^es were incubated at 
37''C with increasing amounts of tuftsin. An 
important increase in phagocytized beads was 
observed when phagocytosis was measured at 
60 min (Fig. 3). A maximal stimulation was 
reached with 100 ng tuftsin/ml with a fourfold 
increase in latex bead uptake. 

An interesting aspect of latex bead phago- 
cytosis is the possibility to isolate phagosomes 
and study their composition, e.g., ectocnzyme 




rg, 2, Phaeocytosis oflatCT beads by mouse peritoneal 
iDSCTOphages. Cells (25 ml at 0.6 X 10* ccUs/ml) in Dul- 
becco's modified Eagle's medium-newborn calf strum 
<20% v/v) ^wer1e incubated with latex beads (400 particles/ 
cell) for varying times at 3'7*C (A) or 4X (O). Cell aliquots 
were washed four times with phosphate-buffered saline, 
pH 7.4, and rcsuspended in 2 ml of l»2-dimcth03tyeihan^ 
H2O (95;5» v/v); the fluorescence was detennineU against 
a^ndaid curve. Specifk uptake (#) represents the dif- 
ference between the beads associated with cells at 37 ai^ 
4«C. 
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Rc. 3. Stimulation of phagocytosis by tuftsin. Adherent 
peritoneal macfophaees (4.8 x lO* ceiis/9.6 cm= well) in 
Dulb6CCo's nuMlificd Eagle's mediytn-newbom caJf serum 
(20% v/vj were Ucubated at 37'*C for 60 min with latex 
be£ids ($?0 porticlcs/cel}) and increa^ng amounts of tuftsin. 
After four wa^es with cold phosphat^bvffered saline, the 
cells were collected and the fluorescence of the latex was 
determined against q standard cufve. Values given are 
meaus of two determinations, 



activities, associated with the phagosomal 
membrane (6), Our latex determination by 
flxiorescence proved particularly useful in such 
experiments for the quantification of limited 
amounts of phagosomal fractions. Adherent 
splenic macrophages were incubated with latex 
beads and the phagosomes were isolated, as 
described under Materials and Methods* by a 
floatation technique using a discontinuous su- 
crose density gradient. The phagosome frac- 
tion was assayed for its latex and enzyme con- 



tent> e.g., internalized nucleotide pyrophos- 
phatase, an cctoenzyme (11) (Table 1). 
Polystyrene latex was easily quantified by our 
method and contrary to the spectrophoto- 
metric assay (6) no interference by sucrose was 
observed; i.e., up to 30% sucrose in the 
aqueous phase of the present assay medium 
did not significanUy aflfect Gess than 2%) the 
fluorescence of the latex beads. The contri- 
bution to the fluorescence by the proteins ad' 
sorbed on the beads vvas minimal; in control 
experiments the phagosomes were digested in 
0.1 M NaOH for 16 h at 25°C and washed . 
and this treatment led to less than 5% decrease 
in fluorescence compared to untreated phago- 
somes. 

DISCUSSION 

Our aim in developing a sensitive fluores- 
cent assay for the determination of polystyrene 
latex beads was twofold: (i) rapid quantifica- 
tion of latex particle phagocytosis on small cell 
samples and (li) quantification of the phago- 
somal fractions allowing the study of enzyme 
activities associated with these vesicles. The 
use of the intrinsic fluorescence of polystyrene 
in organic solvents such as 1 ,2-dimethoxy- 
etbane proved to be a valuable method for the 
quantification of latex beads. Its sensitivity in 



TABLE 1 

Recovery ofIatex and Nucleotide Pyrophosphatase w phagolysosomes from SPLfiMtC Macrophages 



Flection 


Latex Oig) 


Proteins (ks) 


Nucleotide pyrophosphatase 
(nmol/min) 


Homogenaie 


39.5 ± 13.4 (ICX)) 


151 ± 5.1 (100) 


0.427 ± 0.263 (100) 


30% 


ND 


128 ± 27 (74) 


0.282 1 0.150 (76) 


10/20^ if 


27.3 + 6.1 (72) 


17 ±4 (1?) 


0.0J5 i: 0.009 (10.5) 


Recoveries (%) 


12 ± 14 


93 ± 14 


86 ±20 



h^Qie. Adherent splenic macrophages (about 3 X lO* cells in a pciri dish of 0 20 cm) were exposed to 2 to 3 X lO^ 
latex beads/ccU for 60 min at 37'*C. Phaeolysosomes were isolated as described under Materials and Methods. Fractions 
analyzed consisied or the cell homofenatc after phagocyio&is, the 30% sncvost layer of the diwntinuovs gradient after 
ceninfiigation, and the phagolysosomal fraction at the 10/20 ^ sucrose Imerface. Latex was quantified with the fiuo- 
rometric uchniquc using about 0.2-0.8 ^assay. The nucleotide pyrc^osphata5e activity was assayed tiuorometricalty 
with pyridine- 1 >^-cthcDoadcninc di nucleotide ^ subsuaie (12). The values arc the means (±SD) of four experiments. 
The number in parentheses correspond to the respeciive percentages. ND. not detectable. 
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the micrograni range (Le., 10^ beads of 1.1- 
^an diameter) is at least one order of magni- 
tude greater than that of the conventtonal 
spectrophotometric method ( 1 ,7) and circum- 
vents the need for large cell quantities. Inter- 
nalized beads were distinguished from those 
merely adsorbed to the cell surface by phago- 
cytosis inhibition at 4*C. Using our method, 
phagocytosis was routinely detetmtned with 
about 2 X 10^ macrophages. 

In Qther studies we have followed the fete 
of several enzymes, e,g., NAD"*" glycohydrolase 
and nucleotide pyrophosphatase, associated 
with the outer surface of macrophages during 
latex bead phagocytosis. To evaluate the de- 
gree of intcrnalitaiion of these ectoenzymes 
wc have isolated the phagolysosomes (Table 
1 ; C. D. MuUer, to be published). The present 
determination of latex allowed an easy quan- 
tification of the phagosomaJ fraction in sample 
sizes suitable for the use of sensitive fluoro- 
metric assays of the enzymes associated with 
these fractions, e-g., nucleotide pyrophospha- 
tase (12), NAD^ glycohydrolase (13), esterases, 
and other hydrolases (8, 14). In this particular 
experiment one can estimate that an average 
of 24 beads were phagoeyiized per macro- 
phage, a value comi)atible with the observed 
extent of internalization of the ectonucleotide 
pyrophosphatase; i.e., assuming that each bead 
is ingested and closely surrounded by plasma 
membrane, this would require internalization 
of an average of lOO tim^ of membrane and, 
according to (15), approximately 1(^12% of 
total cell surface. Recently the use of fluores- 
cent latex beads has been described for the 
study of phagocytosis (16,1 7). These methods. 



which present a comparable sensitivity, will 
certainly be convenient for direct phagocytosis 
quantification, but because of spectral overlaps 
might interfere with the fluorometric assays of 
phagolysosomal associated enzyme activities. 
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